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(54) Title: DEVICE FOR CREATING A NEUTRAL POINT IN AN ELECTRICAL SYSTEM 




(57) Abstract 

An electric supply system comprising two or more phases (R2, S2, T2), one rectifier (101, 103, 105) for each phase, the second 
primary terminals of said rectifiers (101, 103, 105) being interconnected, also comprises an Artificial Neutral Point (ANP) creating means 
(A2) for creating an artificial neutral point (NA2) in the electric supply system, connected in parallel with said rectifiers. The ANP means 
(A2) short-circuits the zero sequence voltage component of the system but does not affect the positive and negative sequence components. 
The ANP means (A2) includes magnetic components of such a kind that the vector sum of the magnetic fluxes is zero. According to a 
first embodiment, the ANP means (Al) comprises one transformer (113, 115, 1 17) for each phase, the primary winding of each transformer 
connected to the respective phase (R2, S2, T2) in a star configuration, the secondary windings serially connected and the interconnection 
point of the primary windings forming an artificial neutral point 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MVV 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


. ZW 


Zimbabwe 


CI 


C6te d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






cu 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







10 



15 



WO 99/57800 

1 PCT/SE99/00744 
DEVICE FOR CREATING A NEUTRAL POINT IN AN ELECTRICAL SYSTEM 
Technical Field 

The present invention relates to a mi ,ihni. u 

, • cmics ro a multiple-phase rectifying apoaratn* f>™ • 

electric supply system comprising two or more * " 

s^le-phase rectifier having a fir t and a T 1 ™" ^ 3 

^ d prima ry termm, sofsaidre ^ 
Description of Related Art 

Object of the Invention 

230V rectifiers my be „ sed ^ 3 3 ^ "«™K three 

If there is do avertable neutral point in the three n h a 
0 created by the three reerifi ™ ^ ^ phase ° et »"»*. the nennal point 

effects beLenTe L m 3 ^ * — * 

through two other rprf,^ 1 ■ e mains 

iwu omer rectifiers making it a hiah 

b 11 a m S ft impedance network. 



recn- 



Summary of the Invention 

This object is achieved according m ■ 

m that it comprises means collectable in 
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parallel with said single-phase rectifiers far , ■ 

supply system. a neutral ^ - the electric 



By creating a neutral point in the sv^ m *k 
of *e phase vector systtm is j£ """"" ~ * « in fite nnddie 



- - P^e vohages wt ho„, ^ « ~ ~ t 

nents. ° 6 pos,t,ve ^ -native sequence coropo- 



20 



25 



30 



According ,o a firs, preferred embodimenr the m „ , 

uprises one nnnsfotme, fc ^ ^ * — «* «-f8 a nenfiai point 
veered to the respective phase ^7 ^ ° f ^ «— — 

connecred and the ^ C0,,ii8, ™' 0Il ^ 
said neuna, point. "» ^> of the pfintary wandmgs {oramg 

-dnee, egg ed cordon eltird: mdm8WOm,dm0mk80fa - 
- -d wntdtngs he mg mKrcom ^ " " ^ *~ 

fomting said nenn-ai point. "erconnecfon point of the windings 
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According to a third preferred ^ _r 

*« - a second ^ Md a tl ^ eaC " ' rai,Sf0m,er C ° mPriSi " S 3 

o*er „ fte ^ ' ~ — «— - *e -ond winding 

coupling. * SW dlreCn °" fr ™ «"« «« ™ding, to a ^ 



3 



This third preferred embodiment ha, th, a 

conductor used in ft, ^ may „ e J - * cross section of dte 

w impeaance connection wMu *u 
Connecting the means for creatine * 

«** constitutes a posittve DM *" "** sysrem, 

The invention requires the addition of ma™ ri 

«■* of 5% of the power of merecX °° B ~ ^ 

The mvention offers the following advantages- 
Any kind of single phase rectifier mav be used rh 

be ach,eved at a relative* ,ow cost ' ^ 3 -ctifier 
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The tscdfier according ,o dte iuventton can be used bout for ^ md ^ „ 
The amfctal neutral point achieved in dus wav d „„ " *"* PhaSeS 

in the supply system. 7 n0t MUSe ^ona! load 

The .tod _ cotnponeut and * rauItiples „ ^ 
Od.er advantages tnclude the possihiliiy ,„ change fen, . " T 
3-30 V networ, and to operate when one pJe is 2^ * ' 

Brief Description of the Drawings 

0 Hgure 1 shows a prior art three chaser^ u 

Hsure , shows a .rce-phase r^ ^ ^ 

point. me ™ ! for ^taevmg an arriflcial neutral 

Rgure 3 shows a ft, entbodhnen, of the ntvenrion used win, a tbree b 

° f ±e mventlon us <* with a three-phase sys- 

Fi^res ^^showatwo-phaserectafieracco^gtoa^stand „ 
bodzment of the invention, respectively S6C ° nd ^ 

Fi8UrCS 9A " 9G - *~ *"« bating the inventive i de , 
Detailed Description of Embodiments 

Figure 1 shows a prior art three phase rectifier based on ■ , , 

f-t primary tennmai of three single h ^ ^ phase r ^fiers. The 

UA uiree single phase rectifiers 7 ^ ^ 
three phases R, S T of a three nh ' conne «ed to the 

s ■ OIa ^ree phase network The vr™^ „ • 
terconnected, that is the rectifier, tCnninals « 
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Figure 2 shows a three nha^ r^T 

uu-ee single phase rectifiers 71 n ?<; 
fcee phases Rl. Si Tl of a tW i. ~ ^ connect ed to the 

* networit „ not connec^C^ ^ ^ ^ ««. W of 

m S "leans Al comprises three impedances 3" 3S ' ' ' 2 " ^ 

10 " — - - p-« - eac re c„;;; ; • : • ;rr d *• 

tte nnpedances 33, 35 37 „ ,„,. " ' ™e output tenninals of 

- J 7 are interconnected to form an artificial neutral point 

As mentioned above, this solution is oniv feasible if «, , 
» veiV small, and win 0 nl y be usefit, f or J^Z* *• *• » « 

"~ three phases*^ ^1 ^ ^ ^ ""««- 
> ---^^asen e ;::^;~-»^- 
darytetmmalsoftherectifieta.oi ,03 ,05 OT ■">< .The aetton- 

Three voltages sources 107 109 ,'„ interconnected in a point NL2. 

respectively , ' " rePreSeM * e ™'«^e on the phases R2, S2, 

AnANP unit A2 comprising three small transformers U3 .„ .., . 
attificial neutral point NA2, which is connected to the Lt '""^ 
nuuv-lenninals of the rectifiers J01 ,„ 3 . " Connected second pri- 
ft^ers ,,3, U3 , , ,7 are interconnected m ^ "*«*■• °™« «— 

secondaty windings are serially connected in an ope^deita'coMection^^^''' 
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- «* be po Si j e ;:ri:: if" " not ^ ^ 

more detail below. " ™ Zer °' ™» wi « "» -Plained to 



-* of*, three rectifiers ,5, ,» ,^'t ^ fc * 

conductor N 3 is not c0 „ ^ ^™ » ' ^ The nen*a, 

-ans A3 is connected which in «. k „ " ^ 3 ' m AM> 



a 



Said windings are connected in sneh a way that each phase R3 S3 ~ • 

to the artificial nentral poin, NA ,, hm . POase ^ s '>^ is connected 

"indntg of anodier JsZTlT Z' "~ ^ W "* ™ 

™<Hng of the second transform ,65 ^ * th ' < "' gh *» *" 

ftnner ,63. The S phase S' i **» ° f * £ *« «— 

-"-onghthefirstwtcjrrr" 165 The ™ 

wmding of the third transformer ,67 ,T "* *' 

transformers. PhaSe " C ° MeCKd ™o different 

•nere ,s a three phase system with three recdfiet, 201. 203 
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205, ° ne c °™«"=d to each phase R4 S4 T4 r,„ • , 

*e three rectifiers 201 ? 0 3 203 ■ ' ""P*"""* and *e secondaw stde 

-tor, 20, 20, 2,7 „ 38eS " r£PreSa,Kd ^ 0 V * 85 - 

* A4 n connected. ^ ^ ^ " 3 ' - ^ — 

a cote 2,5 cotttpn- Z trrT 3 *« 

mpnsing three legs with a windinc on each u„ c 

component Jn this case the core 2 , j wi „ ' ^ CTCU " ed fa 

cansed by the sertauy connected second ^ " **" *" ™ 

Figure 3 ———fay wutdtags h the embodiment shown in 

Figure 6 shows a fourth embodiment of A. ■ 

------^pri^irtnL^r^^- 

connected to each phase R5 S5 T5 ~ • 251 ' 253 ' 255 > <»* 

rectifiers 251 ~ 3 , 55 mte ^ 1116 *de of the three 

j. interconnected in a point NT s 

- connected. The phase vo,ta g es are represl, b y a ""^ * " 

261 ' foreachphaae. As m CT.^ »■ 

which in th, embodunen. comprises a JTh A5 * —""I 

comprising three iegs 262. 26^n Z2 ^ "* ' «» 263 

each of the ^ , egs ^ ' " "* * "™aty and a secondary winding on 

spochve phase R5 S5 T5 Th ' , ' 7 " COn " KKd » re- 

F k-.m, r^.The secondary windmss are seri.lh, 
configuration. The primary w fadings « <™ - a deita 

Point NA5. connected to form an artificial neutral 
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figure 7 shows an entbodinren, smilar , o ^ 

nvo-phase systent. ft, examp]e ^ **« ». WW to a 

a main voltage of 400V Th, . y com *«ed to fom 

;;:r 303 rectifcr - — - • *- » - * — 

^ generator, 30, 30, A bail^™ ^ *" * 
— «. 303. T ne baling - L™~ fc 7" * - 
winding on the same core 3 15 An ^ ■ , ' SeC ° nd 313 

*e windings, and is Je e d ^7 ^ ^ " — ^ 
nnected to the secondary side of the rectifiers 301, 303. 

Figure 8 shows an embodiment similar to the one shn™, ■ „• 

two phase system. ^ " FlgUre 3 < a PP^d to a 

As before, a rectifier 401 anH dm 

to form a neutral point NL7 The v*h mterconn ected. 
jjuuk xm j. /. i he voltages on the two phases R7 q 7 

bV » 40, The neutra, conductor N7 "~ 4 

anetag meat* A7 is connectt( , cnm . . C ° ndUCt ° r 15 n connected. A bal- 

rt, • eCKd - con, P ns ">S two transformers 413 41, p t 

•ueprnuary windings of the two transfers 4!3 4,5 ""'^ 

phases, and mev „ mKrconnect . " ^ "' 3 ' S «»«*» » one of the 

generate a a™, fa „„, seoonri "* tW0 <"»**™«r voltages wouid 

^gtnetransfole! T^ZT^^^ ^ 

equalize out the mput voltages. 
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This also explains whv th P t™ n ; 

«- - „ sofflation jir — ,hte * — 

OI me secondary windings. 

* *e fouowin& „ ^ * :; rrj » ^ - °~ v= ctOT sysKm . 

P*ase voltes, UK, us UT w b " *~ *" *— of 

' " " e ~ *«* ft, symneaiQ compo _ 

ta a thr «-Pliase system, the voltase of e^h 

a 8 e eo„s.. a P „s inv e seq Z [Zl ^ "~* * *~ «* 
cotnpottent. re s P ee*ve iy . ^ 0 " 1 L "* 3 W ~ 

«— «. S, T, the ttegL COmP °" e " B ' ^ «» *~ - 

^rtTit^r----------- 



UR+US+UT=0 

0) 



as shown in Figure 9A, UR +> US+ ^ UT+ „ 

Posi^ve sequence system m ^ ^ ^ ~e phase voltages m 

^secondary windings of the *ansfonners 1,3 

Pedance of the transformers will be very Wril ' ^ 3? 31,01 1116 Un " 

"npedance. ^ ^ ^P*^ to the magneti2ation 
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Rgure 9B. ta «, case n0 ' *» «~ - « -» 0, as shov™ m 

.13. n,Moc™X Cedmth " tt0 "^^o^e ttan , 

pedtutce. ^ ^ c °™*<»<ffa S to the tnagnetizatiot, tm- 

0 F T 9C 3 ^ ~ «~ V— U R0 US „ UT0 - , 

ondan, voltages have the same phase a„H * , ' " Wh,C " * e sec - 

*- i *. ^^LCl " " S ~* " "» 

Hach ttattsW has a shot, e,ea,t ^ " 

-* We^at, the htpttt httpedaatce LZkT^ * SMera ">' 

^ee phase voltages are then: ^ 9A ' 9B *» d 9 C. The 



three phase voltages are then 
UR=UR-- UR . + UR0 

us=us-^us- + uso 

UT=UT- + UT- + UT0 



3xU0. as sho^ in Figure 9£ ^ Se< * uen <* component, that is, 

1 13, 11 7 has a short circuit imped- 
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' cansed by differences in the rectifiers Th T ^ '"""^ COmp< " le » 

Positive se q nence Jne ' ^ — 

-cnons. As can be seen J ue ?7 m "'-*~" impedance con- 

Connecting the balancing Ba.Al.A2.A4 « A6 17J 

negative seonence co mp „„ e „ K . ., .' ' **' M d0es " OT ^Positive and 

circuited, exeep. &r the ^ . . 3 ^ contponents are short 

- •*» * balancmg nni. A, TL^T ^ ^ 

N-I. as shot™ in figure 9G The 1- , ' " C ° nMC,ed ' NL is » 

~;rT ,pom,oftheradfi — s 

pAase voltages becomes zero. 



Thi s, in turn means that 
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mree phases, are short circuited in th~ « 
zero sequence component. ^ ^ as ^ 

ta the above discussion jt has been ^ 

*e -offers „ approxmMte , y _ * - ^ currents of 

between the neutral points ml m<i NA ca . , '° ' ^ e ™ «■*« *w 

*a< fte dhnensiotung of fc " add,n0Da ' «*«* drop. „ f„, lows 

° me ttans »°niiers would be affected. 

It cat! be shown that short-oircuinntt of the m 

*> brings .he ^ ^ T» ^ "° as ht Figut* 

™. is shown in F.-ure C for " ^ ° f "* *"* ^ 

™ figure 9G for a symmetrical triangle RST hm ; i 

general case of an asymmetric triangle RST. ^ * 
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Claims 

'A -XM. rectii v mg apparate 

Pn3 m8t wo„ rmorephases(R »» ^'-Ppiy system com- 
» «, T5), satd apparatus a ■ 2 - ^ S « M. S5, T5; R6 , 

.55, 205;23i P , 3 7;^— ^(2!, 23, 25; IW . I05; 

spective phase, the second » t • PnnUBy tCnninal to &e re- 

"3, 155; 2 03. W, ~ Said reCdflm ^ * 2 ^ 
•0 Cammed fc mat itcompi . sK - 5 > -rcotmected, 

means (AT A2* A3- 44 a - 

«"upp lysystm . ^ , ' NA2 ' NA3 ' NA4 ^A5; NA(i)lntllee , ec . 

2 Arcc «yi>g apparatus according , 0 claim , i. 

»* » .and, and arranged in such . way ' ' ^ components of 

V ' TO,0r ™ of the phase voltages is 

4 A rc ctifying a pparatus accordin 

- <« said m ea„ s (A1 . A2 . /„ °"* ° f ceding data, character . 

q»encc components. 8 pos "'^ *>° negative se- 

5 A W™» "ccordntg to clam, 3 or 4 eh* 

— co— cotnp.se at leas, one winding ^ tZT^ " " "* 
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phase (R 4> S4, T4; R5. S5 T5- Rfi c<x t 

connection point (NA4- NA5- NaT ^ "* * * e *~ 

. *A5, NA6) consuming said neutral point. 

6- A rectifying apparatus according to claim , 

Phase (R2, S2, T2- R7 S7> • ' ;4 "' 415 )*»-each 

? A IeC,ifyMS """^ ^°*g .o claim 3 or 4 oharaoreri, „ • t 

nenng oomponenK C01nprise , fot ,..„. ' Characttn **l " *m said roaa- 

*— . eac- ^ W a fc T ^ "* ' *" ^ 

(W. S3.T3) oaio, oo^eoted ^ " ^ **** ^ — 
^o f one^o m e/^^^r7 fa,(NA3),hrOU8,lt,Mfc ' 

-03; 20,, 203, 205^' 4 " ^ Sfag,e - PhaSe ^ «• 

nected, characterized in that it,. ' } bemg ^con- 

«a in that it comprises a multiple oha^ • 

cording to any one of the p recedlng ^ ^PP-atus ac- 
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r AMENDED CLAIMS 



" AmU " iple - 1,1,aseTO %i>gapp ara0lsforMeinan 
Pris» g ,w„ ora , orephases(RI S1 ■» 

S6, T5), said apparatus c a 2 ' «• *<■ «; R5, S5, T5; RS , 

"3, .55; 203, 205, 231 233 235^ ^ ^ ,M - 

° Phase, the second piima ^ ten ^ s c f T "» * 

'03,5,, 153 , ,55; 203, 205; 2 s7 " ■ ^ * ^ 

cq m ' ' ^ J5 ) being interconnected 

— apparatns comprising means (A1 . ^ A3 . J. 

with said stngle-phase rectifies for cre„H„ ' "stable in paraIle , 

— -prises magnetic components „^^d 7" " *" 

- * vector sw „ o f foe magnedc fi„ M s fote ^ " "* * " 

me system become equal to zero. 

2. A rectifying apparatus according to claim t u 

mon core (215- 265- 3 1« n , S phase ' wound °" a com- 

connection p„ mt ^ ^ "* °*>* — "-connected, foe fo ttr . 

' A5> NA6) """""ft* -id arrificial nentra, point 

4. A rectifying apparatus according to claim l„, k 

-'components comprise one tt lfo^ , i ^ ^ - d 

phaae (R2, S2, T2- R7 S7) ,h (U3, i15 ' 117 : «, 4,5) for each 

the tespecuve phase m a star configmnrion, the secon- 



1 
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****** serially coveted and the interconnection point of fte prfm 
tradings fanning said artificial neutral point (NA2; NA7). 

5. A rectifying apparatus according to my 0 „ £ rf ^ 

— . that said means (At; A2; A 3; A4; A5) is artanged ,„ short-circuit the zero 
sequence component of rae system without affectillg ^ ^ 
quence components. 

6. Aracfifying apparatus accord^ ra c,ata 3 or 4, characterized in that said raag- 
netrag components coraprise a firs. (163), a second (165) and a third (167) trans- 

Tl ~« — - ■ ««- -tatag, and each phase 

0*. ».T 3) herag connected ,„ the urtificta „e UMl pota (NA3) throngh the firs, 
wradtng of one transfer and fire second wtatag of anoraer rtansforoter in rae 
oppostte chrection front said first winding in a zigzag couplrag. 

7. An electric supply system comprising two or more phases (Rl SI Tl R2 S2 - 
**. S4; R5, S5, T5; R6, S6, T6), and one single-phase rectifier p, 23 25 . 10 , 
'^-.;03, 2 0 3;23 ,, 2 33, 235 )for each phase, rae secon dpln ary^ of 

coed, character in that i, comprises a multiple phase rectifying apparatus ac- 
corthng to any one of the preceding claims. 
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